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Sunday, February 8, 2015 115amacromolecules, e.g., proteins, nucleic acids, sugars, lipids, etc. These mac-
romolecules occupy as much as 30% of the cell volume, thereby affecting the
stability and rate of multi-protein binding. We investigate the effect of
macromolecular crowding on the protein complex formation, using coarse-
grained simulation models for proteins and macromolecular crowders. Pro-
teins are represented by a residue-level coarse-grained model that has been
shown to yield binding affinities and native structures of various weakly
binding protein complexes, in good agreement with experimental data.
Macromolecular crowders are modeled as spherical particles or polymeric
chains that interact with proteins via repulsive as well as attractive interac-
tions. Repulsive crowders, interacting via excluded volume interactions, of
various types stabilize the formation of the protein complex, but the attractive
protein-crowder interactions are shown to destabilize the protein complex
above moderate attraction strengths. We find that the translational and rota-
tional diffusion for both proteins are slowed down with both the repulsive
and attractive crowders, although the anisotropy of the rotational diffusion
coefficient increases for both cases. Consequently, the dissociation rate de-
creases with increasing crowder volume fraction. But the protein association
rate is found to increase as a function of the crowder volume fraction in the
presence of repulsive crowders, while attractive protein-crowder interactions
decrease the association rate. Interestingly, we find that the polymeric crow-
ders can change the protein binding behavior in a complex manner depending
on the degree of crowder polymerization and conformational flexibility. We
develop a theory, with physically meaningful parameters, that can describe
the simulation data very well and provide further insights into the observed
results.
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Transcription initiation is the most important step in gene regulation and is
orchestrated by RNA polymerase (RNAP). However, its molecular mecha-
nisms have remained unclear due to the presence of transient intermediates
and heterogeneity.
To characterize such mechanisms, we used an in vitro real-time FRET assay on
immobilized transcription complexes for minute-long observations of DNA
scrunching and unscrunching. We characterized the kinetics of abortive initia-
tion (by following single cycles of abortive synthesis) and promoter escape, and
identified functionally important heterogeneity. We observed, for the first time,
extensive RNAP pausing (lasting for ~15 s) and backtracking during initiation;
such behaviors may play regulatory roles.
We also studied initial transcription in vivo using electroporation to internalize
doubly-labeled promoter DNA fragments into live E. coli and track them using
TIRF microscopy. We observed low-FRET species of 0.1850.05 (correspond-
ing to duplex DNA) and fluctuations to higher FRET-states, which we attribute
to RNAP promoter binding, open complex formation and initial transcription.
Specifically, we see FRET of 0.3550.10 (linked to initiation pausing), and
0.8550.06 (linked to promoter escape); both levels are absent in non-
promoter DNA.
Our work reveals the detailed kinetics of initial transcription in vitro and offers
the first such observations in living cells, which opens exciting avenues to study
gene regulation in vivo.
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Control over of the sensitivity with which biomolecular receptors respond to
small changes in target molecule concentration is crucial to many biological
processes. The ability to introduce cooperativity into artificial bioreceptors
would likely prove useful for applications such as biosensors, genetic logic
gates, and ‘‘smart’’ materials, in which highly responsive behavior is of value.In Nature, this control is commonly achieved via allosteric, ‘‘Hill-type,’’ co-
operativity, in which binding events on a multivalent receptor are coupled so
that the first event enhances the affinity of subsequent events, producing
an ‘‘all-or-nothing’’ binding response and, in turn, a higher-order, steeper,
dependence on target molecule concentration. Here we use an intrinsic-
disorder-mediated approach to rationally and quantitatively introduce this use-
ful property into several normally non-cooperative biomolecular receptors.
Specifically, we fabricate a tandem repeat of the receptor that is destabilized
by the inclusion of a disordered loop. The first target binding event pays an
entropic cost to close this loop, thus forming a structured site for a second
target molecule to bind with comparatively higher affinity. By changing the
length of the loop, we can quantitatively change the energetic cost of closing
the loop and in turn the extent of cooperativity, and thus the order of the bind-
ing curve and sensitivity to small changes in concentration. Using this
approach we have rationally introduced cooperativity into three unrelated
aptamers, achieving in the best of these a Hill coefficient experimentally
indistinguishable from the theoretically expected maximum. Furthermore,
the extent of cooperativity, and thus the steepness of the binding transition,
are, moreover, well modeled as simple functions of the energetic cost of
binding-induced folding, speaking to the quantitative nature of this design
strategy.
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Studies of hierarchical structure in biological tissues are fundamental to iden-
tifying useful design principles that can be transferred to both biological and
non-biological engineered systems. Among mammalian soft tissues, articular
cartilage is particularly interesting, as it can endure 60þ years of daily
mechanical loading despite having minimal regenerative capacity. This
remarkable resilience may be due to the depth-dependent mechanical proper-
ties, which are known to localize strain and energy dissipation to the tissue’s
surface. Based on qualitative observations, it has been proposed that these
properties arise from the depth-dependent collagen fiber orientation. Never-
theless, this structure-function relationship has not yet been quantified. Here,
we use a combination of a computational model made of a collagen network
and a hydrated aggrecan matrix, and confocal elastography experiments on
live tissue to look for constitutive relations between mechanical and struc-
tural quantities. Surprisingly, we find weak correlations between the shear
modulus and the collagen fiber orientation. Instead, we find a much stronger
correlation with the concentration of collagen fibers, which shows a 2-fold
variation in collagen volume fraction correlates with a 100-fold variation
in the modulus, and follows a scaling law relation. Such dependencies are
observed in the rheology of in-vitro cytoskeletal networks that exhibit a ri-
gidity percolation phase transition. Along these lines, we propose that the
collagen network is near a percolation threshold that gives rise to these large
mechanical variations and strain-localization at the tissue’s surface. The
interplay between this criticality, and the co-operative interaction between
the collagen network and the aggrecan background underlie the observed
mechanical response.
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Cells in vivo are sometimes required to migrate through tight spaces that are
much smaller than the largest organelle, their nucleus. Micro-pore migration
of lung cancer cells causes nuclear blebs with segregated lamins as well as
DNA tethering and breaks. Nuclear blebs seen in the majority of cells are en-
riched in lamin-A and deficient in both lamin-B and DNA, but the cells are
viable with a normal rate of post-migration proliferation. Phosphorylation of
lamin-A, which relates to turnover under low stress, decreases with migration,
while phosphomimetic and progeria mutants of lamin-A exhibit distinct differ-
ences. Knockdown of lamin-A induced the frequent formation of DNA tethers
that extrude from the main nuclear body through a gap in lamin-B and to the
